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3-D ULTRASOUND IMAGING SYSTEM 
WITH PRE-SET, USER-SELECTABLE 

ANATOMICAL IMAGES 

FIELD OF THE INVENTION 

This invention relates to 3-dimensional (3-D) ultrasound 
imaging systems and, more particularly, to an ultrasound 
imaging system Which presents to the user a listing of 
available pre-set vieWs that may be selected and enabled 
Without the need for additional user inputs. 

BACKGROUND OF THE INVENTION 

Clinical practitioners have developed standard vieWs for 
2-D ultrasound imaging Which remove much of the operator 
and vieW variability and speed up image acquisition and 
revieW. This is particularly true for trans-thoracic 
echocardiography, Where there are only a feW “Windows” 
past the ribs and lungs Which alloW good image acquisition. 
The echocardiology standard vieWs are illustrated in FIGS. 
1a—1c and include the parasternal long axis vieW (FIG. 1a), 
the parasternal short axis vieW (FIG. 1b) and the apical 
4-chamber vieW (FIG. 1c). The operator typically moves 
through a sequence of such standard vieWs, putting the 
ultrasound transducer on the patient in standard places and 
With standard orientations. Thereafter, slight adjustments of 
the transducer position are made by the operator, based upon 
the displayed image. 

The provision of standard vieWs is highly useful to the 
practitioner as it enables recognition of differences betWeen 
subsequent standard vieWs, Without requiring the practitio 
ner to initially determine from What aspect ratio the vieW has 
been derived. See U. S. Pat. 5,315,999 to Kinicki et al., 
assigned to the same assignee as this Application, for further 
discussion re: preset imaging modes and parameters there 
for. 

NotWithstanding the obvious usefulness of 2-D imaging, 
such systems provide only a limited number of vieWs of 
many organs, e.g., the heart. Recently, 3-D ultrasound sys 
tems have been introduced Which acquire data for many 
different vieWs from a single placement of a transducer on 
the patient. In such case, the vieW may be a 2-D slice, a 3-D 
rendering or another vieW derived from the data. Apotential 
advantage of 3-D vieW acquisition is that the vieW can be 
optimiZed for the anatomy, rather than being ?xed relative to 
the transducer. To accomplish 3-D imaging, a 3-D data set 
of image echo values is accumulated and subsequently 
processed to provide the desired vieW presentation. The 
process of acquiring a 2-D vieW from a 3-D data set is Well 
knoWn and need not be further elaborated. 
As indicated above, FIGS. 1a—1c illustrate schematic 

shoWings of ultrasound heart images, given a positioning of 
the ultrasound transducer at one of the: apical, parasternal, 
suprasternal or subcostal imaging positions. Such vieWs are: 
“standard” and provide shoWings of the long-axis vieW 
(FIG. 1a), the short axis vieW (FIG. 1b) and the 4-chamber 
vieW (FIG. 1c). The provision of such standard vieWs 
enables ready diagnosis by the practitioner. As is knoWn, 
hoWever, certain features of the heart cannot be imaged 
using 2-D imaging systems. More speci?cally, features like 
face-on vieWs of the pulmonary valve (shoWn in FIG. 2a in 
its open state), the aortic valve (shoWn in FIG. 2b in its 
closed state), and the mitral valve (shoWn in FIG. 2c in its 
closed state) cannot be directly imaged. To provide such 
vieWs, the user must employ a 3-D ultrasound system. 

Present implementations of 3-D ultrasound systems offer 
essentially only tWo methods for selecting a vieW. The ?rst 
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2 
method provides a vieW Which is derived from a simple ?xed 
orientation relative to the transducer, such as an orthogonal 
2-D slice. A second method is totally arbitrary and under 
explicit manual control of the operator. Such control is 
complicated and tedious due to the many parameters to be 
speci?ed. For instance, many arbitrary vieWs are constructed 
in an iterative, trial and error fashion, long after data 
acquisition. Some of the parameters Which require operator 
adjustment and control are: orientation, vieWpoint, bounding 
region, magni?cation, rendering technique, etc., etc. 

Accordingly, the derivation of such a 3-D vieW is a sloW 
and tedious process. Therefore, it is usually performed on an 
“off-line” computer system so as to avoid occupying a 
valuable ultrasound system during a period When it could be 
in use deriving further patient diagnostic vieWs. 

Therefore, a need exists for a clinical ultrasound imaging 
system Which reduces the complexities facing the operator 
When obtaining a desired anatomical vieW from a 3-D data 
set. Further, certain 2-D anatomical vieWs are diagnostically 
useful but cannot be readily obtained from standard ultra 
sound transducer imaging positions. The automatic avail 
ability of such vieWs from 3-D data sets, on a real time basis, 
Would be extremely useful from a diagnostic point of vieW. 

SUMMARY OF THE INVENTION 

An ultrasound imaging system incorporating the inven 
tion enables a user to select a pre-set anatomical vieW from 
a 3-D data set. The system includes a transducer Which 
produces an ultrasound beam that acquires a 3-D set of echo 
signals. Aprocessor enables the system user to be presented 
With a listing of pre-set anatomical vieWs and is responsive 
to user selection of one of the pre-set vieWs to control a 
converter Within the system to derive from the 3-D set of 
echo signals, an image data set Which, When displayed, 
presents the selected pre-set anatomical vieW. In the pre 
ferred embodiment, at least some of the pre-set anatomical 
vieWs are those that are not otherWise available from the 
standard transducer imaging positions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1a is a schematic shoWing of a long-axis vieW of an 
ultrasound image of the heart, indicating the imaging ori 
entations from the apical, parasternal and suprasternal posi 
tions. 

FIG. 1b is a schematic shoWing of a short-axis vieW of a 
heart, taken from either the subcostal or parasternal imaging 
positions. 

FIG. 1c is a schematic shoWing of a 4-chamber vieW a 
heart With the ultrasound transducer positioned at either the 
subcostal or apical imaging positions. 

FIG. 2a is a face-on vieW of the pulmonary valve, in its 
open state. 

FIG. 2b is a face-on vieW of the aortic valve, in its closed 
state. 

FIG. 2c is a face-on vieW of the mitral valve, in its closed 
state. 

FIG. 3 is a block diagram of a an ultrasound imaging 
system embodying the invention.. 

FIG. 4 is a logical ?oW diagram illustrating the operation 
of a ?rst embodiment of the invention. 

FIG. 5 is a logic ?oW diagram illustrating the operation of 
a second embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 3, ultrasound imaging system 10 
includes a transducer 12 that emits an ultrasound beam 14 
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that is scannable through plane 16. Ultrasound beam 14 is 
scanned Within plane 16 in the directions shoWn by arroWs 
17. In addition, through appropriate control signals applied 
to ultrasound transducer 12, plane 16 can be sleWed in the 
directions shoWn by arroWs 18 so as to enable a full 3-D 
region to be scanned by ultrasound beam 14. 
A transmitter 20 outputs signals to a transmit/receive 

sWitch 22 Which, in turn, feeds transducer 12 With transmit 
pulses. In response, transducer 12 emits ultrasound pulses 
along beam path 14 and receives re?ections from anatomical 
features falling along a scan line Which de?nes the center 
line of beam 14. The re?ections are passed by transmit 
receive sWitch 22 to a receiver 24 Which, in turn, feeds the 
signals to scan converter 26. There, polar coordinate echo 
signal values are stored in a buffer memory 25. The echo 
signals are then converted to rectangular coordinate image 
values. The resulting rectangular coordinate image is stored 
either in an image store 28 or in 3-D memory 30, depending 
upon the mode of operation of ultrasound imaging system 
10. 

If it is assumed that ultrasound imaging system 10 is 
operating in a real time mode, the output from scan con 
verter 26 is passed directly to image store 28. Thereafter, the 
stored image data is passed from image store 28 to video 
display 32 for presentation to a vieWer. Each of the elements 
of ultrasound imaging system 10 is controlled by a central 
processing unit (CPU) 34 Which, in turn, utiliZes procedures 
stored in operating memory 36 during its operation. One of 
the procedures stored in operating memory 36 is a 3-D 
image pre-set procedure 38 Which enables CPU 34 to 
automatically control the various elements of ultrasound 
imaging system 10 to display a selected vieW on video 
display 32 in accordance With a user input, entered via user 
interface 40. 

Brie?y stated, user interface 40 enables a user to select 
one or more of a plurality of pre-set vieWs that are shoWn to 
the user as a listing on video display 32. In response to the 
user’s selection of a listed pre-set vieW, CPU 34, under 
control of 3-D vieW pre-set procedure 38 establishes param 
eters and conditions Within the remaining elements of ultra 
sound imaging system 10 to automatically enable presenta 
tion of the desired pre-set vieW on video display 32, Without 
further user intervention. User interface 40 also enables the 
user to simultaneously select plural pre-set vieWs, all of 
Which are automatically derived from an acquired 3-D data 
set. 

To implement this feature of the invention, both trans 
mitter 20 and scan converter 26 are provided With scan 
tables 42 and 44, respectively, Which control their respective 
elements in accordance With the user’s vieW choice. For 
eXample, scan table 42 includes parameters Which de?ne a 
region of interest to be scanned, assuming the positioning of 
transducer 12 at a position to acquire a 3-D image data set 
Which includes the anatomical feature selected by the user. 
Accordingly, scan table 42 has a separate set of parameters 
for control of transmitter 20 for each preset anatomical 
feature to be imaged. 

In similar fashion, scan converter 26 is controlled by scan 
table 44 in accordance With the user’s selected preset vieW. 
More speci?cally, scan table 44 includes, for each pre-set 
vieW, a separate set of parameters and control entries to 
enable scan converter 26 to derive, from an input 3-D data 
set, a vieW of the selected anatomical feature. 

While a 3-dimensional region of interest (ROI) is de?ned 
for each preset anatomical feature, it may occur that the user 
Will Wish to either reduce, expand or move the ROI. In such 
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case, the user is enabled to alter the ROI by an appropriate 
input to CPU 34, via user interface 40. Areduction in the siZe 
of the ROI enables succeeding 3-D data sets to be more 
rapidly acquired and the resulting images to be rapidly 
presented. US. Pat. No. 5,538,003 to GadonnieX et al., 
assigned to the same assignee as this Application, describes 
a method for enabling rapid identi?cation of an ROI region 
on an ultrasound display. 

Should the user not Wish to utiliZe one of the available 
pre-set parameter sets, the user may override the pre-set 
vieW procedure 38 and enter desired parameters via user 
interface 40, for insertion into scan tables 42 and 44. In such 
case, the 3-D data set Which is acquired by scan converter 26 
is stored in 3-D memory 30. Thereafter, in an interactive 
fashion, the user is enabled to alter the control parameters to 
alloW vieW rendering module 46 to derive images for storage 
in image store 28. Thus, the user may utiliZe either pre-set 
vieWs or derive images from acquired 3-D data sets in 
accordance With the particular anatomical region that is to be 
imaged. 
The provision of the vieW pre-sets enables the user to 

acquire vieWs of anatomical elements that are not otherWise 
available from standard imaging positions on the human 
anatomy. For instance, one pre-set vieW may present the 
face-on vieW of the mitral valve shoWn in FIG. 2c Without 
requiring any action on the part of the user other than the 
proper positioning of ultrasound transducer 12 and the 
selection of the preset vieW entitled “mitral valve”. Further, 
in addition to individual vieWs, a “loop” of plural time-lapse 
vieWs can be derived to enable a ?lm clip-like presentation 
to the user. 

Turning noW to FIG. 4, steps 50—60 illustrate the proce 
dure of the invention, When employing user-selected vieW 
pre-sets. Initially, the operator places ultrasound transducer 
12 to obtain a pre-set 2-D vieW (step 50). That alloWs the 
operator to knoW that the transducer is in the proper position 
to acquire an image from a subsequent 3-D scan. The 
operator then enters a pre-set 3-D vieW to be displayed (step 
52) and may, if reduced image acquisition time is desired, 
place a boX about the ROI to reduce the ultimate data set that 
is acquired (step 54). Thereafter, the operator starts the scan 
operation and the 3-D data set is acquired, as above 
described (step 56). Scan converter 26, under control of scan 
table 44, constructs the requested pre-set vieW from the 
acquired 3-D data set and stores the image in image store 28 
(step 58). Thereafter, the image is displayed (step 60). 

FIG. 5 illustrates the operation of the invention if it is 
desired to acquire a Wide ?eld 3-D data set and then to 
choose one or more vieWs from that data set on an off-line 

basis, either on the ultrasound system or on another proces 
sor. The procedure starts by instructing the operator to place 
ultrasound transducer 12 to obtain a pre-set 2-D vieW (step 
70). The operator then selects the full ?eld 3-D vieW (step 
72) and a full 3-D data set is acquired and stored in 3-D 
memory 30. Thereafter, the operator is enabled to select 
either a pre-set vieW or an arbitrary vieW (step 76) and, in the 
latter case, to input the necessary parameters to enable CPU 
34 to control video rendering unit 46 to construct the desired 
image. Thereafter, vieW rendering module 46 produces the 
requested vieW from the 3-D data set (step 78) and feeds the 
image to image store 28, from Where it is thereafter dis 
played by video display 32 (step 80). The vieW data set may 
either be derived directly on the ultrasound unit or on 
another processor to free the ultrasound unit for diagnostic 
procedures. 

It may turn out that the selected pre-set anatomical vieW 
does not automatically align With the acquired 3-D data. In 
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such case, CPU 34 can alter scan table 42 to adjust the scan 
region of ultrasound transducer 12 by looking for edges or 
surfaces or movement in the data and matching it With a 
simpli?ed anatomical model of the pre-set vieW stored in 
memory 36. Such action can be incorporated into the code 
contained Within 3-D vieW preset procedure 38. Further, 
upon selection of a pre-set anatomical vieW, the user can be 
requested to place a cursor in the neighborhood of the 
feature being imaged. That action simpli?es that placement 
of the ROI boX. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives and 
modi?cations can be devised by those skilled in the art 
Without departing from the invention. Accordingly, the 
present invention is intended to embrace all such 
alternatives, modi?cations and variances Which fall Within 
the scope of the appended claims. 
What is claimed is: 
1. An ultrasound imaging system for obtaining anatomical 

vieWs, said system comprising: 
transducer means for producing an ultrasound beam that 

is scannable so as to enable acquisition of a 3-D set of 
image return signals; 

converter means for converting said 3-D set of image 
return signals to a selected vieW data set for presenta 
tion to a display device; 

a display device for displaying an image representative of 
said selected vieW data set; 

user interface means for enabling selection of a preset 
anatomical vieW from a set of anatomical vieWs deter 
mined by a scanning position of the transducer means; 
and 

processor means coupled to said transducer means, con 
verter means, display device and user interface means, 
for enabling said user to be presented With a listing of 
preset anatomical vieWs, and responsive to a user 
selection of one of said preset anatomical vieWs, to 
control said converter means to derive from said 3-D 
set of image return signals, an image data set Which, 
When displayed, presents the preset anatomical vieW 
selected by the user. 

2. The ultrasound imaging system as recited in claim 1, 
Wherein said preset anatomical vieW is not otherWise avail 
able from a 2-D scan from standard ultrasound imaging 
positions. 

3. The ultrasound imaging system as recited in claim 1, 
Wherein said user interface means enables a user input to 
restrict a volume to be scanned by said ultrasound transducer 
to a region encompassing anatomy to be shoWn by said 
preset anatomical vieW. 

4. The ultrasound imaging system as recited in claim 3, 
Wherein said user input constitutes placement of a cursor at 
an anatomical feature, said cursor placement controlling 
placement of said volume to be scanned by said ultrasound 
beam. 

5. The ultrasound imaging system as recited in claim 1, 
Wherein said processor means, in response to said selection 
by said user, automatically restricts a volume to be scanned 
by said ultrasound beam to a region encompassing anatomy 
to be shoWn by said selected preset anatomical vieW. 

6. The ultrasound imaging system as recited in claim 1, 
Wherein said processor means, in response to said selection 
by said user, automatically invokes plural vieW parameters, 
including at least one of: a parameter to control a volume to 
be scanned by said ultrasound beam, a parameter de?ning a 
vieWpoint from Which said selected preset anatomical vieW 
is to be seen, and a parameter controlling image magni? 
cation. 
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6 
7. The ultrasound imaging system as recited in claim 1, 

Wherein said processor means compares an acquired preset 
anatomical image With an anatomical model and adjusts 
parameters of said acquired preset anatomical vieW to cor 
rect a mismatch With said anatomical model. 

8. The ultrasound imaging system as recited in claim 1, 
Wherein said user interface means enables a user to select a 

set of plural preset anatomical vieWs and said processor 
means responds by automatically deriving from said 3-D 
data set, said set of plural preset anatomical vieWs Without 
further user intervention. 

9. A method for controlling an ultrasound imaging system 
to obtain ultrasound vieWs, said system including a trans 
ducer for producing an ultrasound beam that is scannable so 
as to enable acquisition of a 3-D set of image return signals, 
an image converter for converting the 3-D set of image 
return signals to a selected image data set for presentation to 
a display, and a display device for displaying a vieW 
representative of the image data set, said method compris 
ing: 

a) presenting a listing of preset anatomical vieWs that may 
be selected based on a position of the transducer during 
a scanning operation; 

b) responding to a user selection of one of said preset 
anatomical vieWs, by controlling said image converter 
to derive from said 3-D set of image return signals, an 
image data set that includes return signal data from a 
region including an anatomical feature to be included in 
said preset anatomical vieW; and 

c) displaying the preset anatomical vieW selected by the 
user. 

10. The method as recited in claim 9, Wherein said preset 
anatomical vieW is not otherWise available from a 2-D scan 
from standard ultrasound imaging positions. 

11. The method as recited in claim 9, Wherein step b) 
further responds to a said user selection by restricting a 
volume scanned by said ultrasound transducer to a region 
encompassing anatomy to be shoWn by said preset anatomi 
cal vieW. 

12. The method as recited in claim 9, Wherein said user 
selection includes placement of a cursor at a displayed 
anatomical feature, said cursor placement controlling place 
ment of said volume to be scanned by said ultrasound 
transducer. 

13. The method as recited in claim 9, Wherein step b) in 
response to said selection by said user, automatically 
invokes plural vieW parameters, including at least one of: a 
parameter to control a volume to be scanned by said ultra 
sound beam, a parameter de?ning a vieWpoint from Which 
said selected preset anatomical vieW is to be seen, and a 
parameter controlling image magni?cation. 

14. The method as recited in claim 9, Wherein step c) 
further responds to a user selecting a set of plural preset 
anatomical vieWs by automatically deriving from said image 
data set, said set of plural preset anatomical vieWs Without 
further user intervention. 

15. A three-dimensional ultrasound system comprising: 
a transducer unit responsive to values in a scan table for 

scanning a body; 
a memory storing the scan table; and 
a control circuit Which displays a list of anatomical vieWs 

to a user and, upon selection of an anatomical vieW by 
the user, utiliZes a sub-set of the scan table so as to 
acquire a data set from Which the anatomical vieW 
selected by the user can be displayed in real time. 
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16. An ultrasound system, as set forth in claim 15, further 
comprising: 

a scan converter that, responsive to the scan table, con 
structs an image of the selected anatomical vieW based 
on data from the transducer. 

17. An ultrasound system, as set forth in claim 15, 
Wherein the scan table comprises: 

a ?rst scan table containing parameters to control a 
transmit function of the transducer unit; and 

a second scan table containing parameters to control a 
receive function of the scan converter. 

18. An ultrasound system, as set forth in claim 15, 
Wherein the scan converter constructs an image of the 
selected anatomical vieW based on 3-D data. 

19. An ultrasound system, as set forth in claim 15, 
Wherein the scan converter constructs an image of the 
selected anatomical vieW based on 2-D data. 

20. An ultrasound system, as set forth in claim 15, 
Wherein the preselected vieWs include at least one of: a 
face-on vieW of the pulmonary valve vieW; an aortic valve 
vieW; a tricuspid value vieW; and a mitral valve vieW. 

21. An ultrasound system, as set forth in claim 15, 
Wherein the transducer is a tWo dimensional array trans 
ducer. 

22. An ultrasound system, as set forth in claim 15, 
Wherein the control circuit identi?es a sub-set of the scan 
table to utiliZe based on a volume to be scanned. 

23. A method of conducting an ultrasound examination 
comprising: 

placing a tWo-dimensional array transducer next to an 
examination subject; 

identifying an examination position of the tWo 
dimensional array transducer; 
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8 
displaying a list of anatomical vieWs available for display 

based on the examination position of the tWo 
dimensional array transducer; 

indicating one of the anatomical vieWs from the list of 
anatomical vieWs; 

obtaining ultrasound data from the tWo-dimensional array 
transducer for producing the indicated anatomical 
vieW; and 

creating an image corresponding to the indicated anatomi 
cal vieW from the ultrasound data. 

24. Amethod, as set forth in claim 23, Wherein the step of 
identifying an examination position comprises receiving an 
indication from the user of the examination position. 

25. Amethod, as set forth in claim 23, Wherein the step of 
identifying an examination position comprises analyZing 
data from the tWo-dimensional array transducer. 

26. A three-dimensional ultrasound system comprising: 

a transducer unit that scans a body; and 

a control circuit Which displays a list of anatomical vieWs 
to a user based on a position of the transducer unit 

during the scanning of the body and, upon selection of 
an anatomical vieW by the user, acquires a data set from 
data output by the transducer unit from Which the 
anatomical vieW selected by the user can be displayed. 

27. An ultrasound system, as set forth in claim 26, 
Wherein the control circuit selects the anatomical vieW for 
inclusion in the list of anatomical vieWs based on a scanning 
position of the transducer. 


